INTRODUCTION
COMPLEX hybridity is a feature of a few groups of plants, particularly the Euoenotheras of North America. In all species which possess this genetic system the flowers are self pollinated. The correlation between complex hybridity and autogamy and its significance with regard to the maintenance of heterosis under conditions of strict inbreeding has long been recognised. The evolutionary mechanism whereby the components of the genetic system become associated is less well understood and two different hypotheses are current (Darlington, 1929 (Darlington, , 1931 (Darlington, , 1958 Cleland, 1936 Cleland, , 1960 Cleland, , 1962 . In essence, Darlington maintains that complex hybridity is evolved via the sequential fixation of interchanges in the heterozygous condition under conditions of, and as a response to, imposed inbreeding. Cleland, however, asserts that in Enothera at least, the system is initiated by the production of large interchange rings through the hybridisation of outbreeding races having different chromosome end sequences, the system subsequently becoming stabilised by the adoption of autogamy and a balance lethal system. Isotoma petrea F. Meull., an herbaceous species of the LobeIiace, provides an example in nature in which the initial stages of the evolution of complex hybridity may be traced. As such, it appears to bridge the gap between Enothera, which may be considered to be a "mature" case of complex hybridity, and the "incipient" complex hybridity exhibited by Pesonia ca4fornica (Walters, 1942) and other species in which interchange heterozygosity is frequent. This paper deals with genetic systems found in Isotoma petreea and the closely related I. axillaris Lindl. and I. anerthjfolia Summerhayes. Wimmer (1953) in his monograph of the Lobeliace groups ten Australian species along with one extra-Australian species into the section Isotoma of the genus Laurentia. However, Melville (igfio) has discussed this taxonomic situation and supports the recognition of Isotoma as a genus including the ten Australian species only. The writer is in agreement with Melville's conclusions and follows his example in using the name Isotoma in lieu of Laurentia. Darlington (1963) For locality names, refer to tables i and 2.
MATERIAL AND METHODS
were covered with bags which were finally removed only after the style had withered away. Seed germination occurs after a prolonged dormancy period (about 4 months), the specific factors controlling germination being as yet unknown.
OBSERVATIONS (I) Distribution
Isotoma petra is found in rocky exposed situations throughout the The species is replaced eastwards by I. axillaris and I. anthjfo1ia which occur on elevated granitic outcrops throughout the highlands and western slopes of the Great Dividing Range. I. axillaris extends from central Queensland to central Victoria while ane2thjfolia is restricted to a small area near the New South Wales-Queensland border ( fig. i) . The three species are morphologically quite distinct, being differentiated especially with regard to leaf shape. Capsule shape, and colour, shape and disposition of the corolla lobes are also constant differentiating characteristics. Synthetic petrea x axillaris, pet r&a X an&thfolia and (petrea x axillaris) x an&thjfolia hybrids are quite fertile. The aneet/zfolia x axillaris cross has yielded ample seed, but the viability of this seed has not been tested. Interchange hybrids occur widely throughout petrea, axillaris and anethfolia (tables i and 2). Natural populations may be of two types with respect to interchange hybridity:
(a) Floating interchange populations. These are composed mainly of structural homozygotes but carry a proportion of heterozygotes. All populations of aniethfolia and axillaris so far examined are of this first type. In petriea such populations are characteristic of the greater portion of its distributional range. Although the data are insufficient All three species, petra, axillaris and anethfolia are characterised by a pollination mechanism which has been described in detail, for 
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. axillaris, by Melville (ig6o) . The syngenesious anthers from a tube into which the pollen is shed ( fig. 3a) . The style, with its closed stigma and ring of sub-stigmatic hairs form a brush which travels piston-like through the tube scraping out the pollen and subjecting it to pressure. At the apex of this tube there is a trap-door and lever mechanism formed by two enlarged bristles. When a vector depresses Y2 For locality names, refer to tables i and 2. Self pollination is characteristic of all these populations and it has been observed also in material from Anketell ( fig. 2, population No. 3).
The axillarss chromosome end sequence has been identified as one of the gamete genotypes in populations 6 and ii.
The above description represents a very slight variation of the usual Lobe1iace mechanism. It is clearly a mechanism favouring crosspollination.
In Isotoma petr&a, however, this mechanism is frequently shortcircuited so that self-pollination is achieved. It is usually found that the stigmatic lobes part precociously within the anther tube and (fig. 3, d and e) . As a result of this, self-pollination occurs. Plate I, fig. 8 illustrates mature capsules from which fully formed seeds have been shed and upon which are still attached the dried remains of the flowers. It can be seen that in each case the anther tube is quite intact and that the stigmatic lobes have never emerged. Self-pollination must have occurred.
The versatility of the pollination mechanism in I. petrra is apparently dependent upon weather conditions. In hot dry weather, as is usual in the natural habitat, self-pollination is the rule. In cooler, more moist weather, protrusion of the stigmatic lobes is frequently observed.
Another response indicating dependence upon environmental conditions, is the protrusion of the style in unopened buds in material stored in polythene bags (i.e. in cool, very humid conditions). The physiological basis of the pollination versatility has not been investigated. However, it has been observed that in the multiple interchange populations and at least six of the floating interchange populations ( fig. 2 ) self pollination is responsible for the bulk of the seed formation. Although their evolutionary relationships have not been precisely defined, it is quite clear that petriRa, axillaris and anrthfolia are very closely related, being completely interfertile, and they have a common chromosome end sequence. This is a primitive sequence which predates the morphological divergence of the three species and which stretches some 2000 miles across the Australian continent. Subsequently in this series of papers, this primitive chromosome end sequence will be referred to as the " axillaris" sequence.
Interchange heterozygosity is prevalent in natural populations of all three species. In the floating interchange populations more than one interchange may occur in a single population, since 06 and (04+04) individuals occur. Also, different populations may be characterised by different interchanges, since crosses between petrea 04's have yielded (04+ 04) progeny (table 3, cross 5).
It has been noted above that the general cytological features of the group are those generally accepted as being characteristic of species in which interchange hybridity naturally occurs. It is clear, therefore, that the capacity for the origin and maintenance of interchange heterozygosity is a primitive feature of the group and that it is a longstanding component of the genetic systems of all the three species. One must assume that a variety of chromosome end-sequences have been in existence during the group's history. However, as shown above, a primitive sequence has persisted since before the divergence of the three species and has spread across the Australian continent.
The new structural arrangements, in floating interchange populations, are ephemeral in that they have rarely, if ever, replaced the basic "axillaris" sequence in the homozygous condition. It is possible however, that certain local populations may be characterised by new homozygous arrangements, but no evidence of this has been obtained. Since all fifteen sibs examined proved to be of this type (table x) , it is concluded that a balanced lethal mechanism is operative in eliminating the structurally homozygous progeny. The single structural homozygote in the 3-mile Rock population, otherwise composed of 010 plants, cannot deny the occurrence of a balanced lethal system. The plant in question may be due, for example, to migration from a neighbouring floating interchange population, it may be a relic of a floating interchange population previously inhabiting the rock or it may be an alethal segregate following crossing-over in a differential segment. Crosses between multiple interchange heterozygotes and structural homozygotes characteristically yield twin-hybrids, that is, the progeny so obtained exhibits one of two M-i configurations according to the gamete received from the multiple interchange heterozygote (table 3, crosses 7 to i6). Reciprocal crosses yield identical results. Thus, both gamete types are transmissable via the pollen grain and both are transmissable via the embryo sac. The lethal system must operate, therefore, through zygotic rather than gametic elimination.
The multiple interchange heterozygotes, then, are true breeding in nature and are maintained thus by a substantially if not entirely autogamic breeding mechanism and by a balanced lethal system operating through zygotic elimination of the structurally homozygous forms. The plants are indeed complex heterozygotes and are entirely comparable in their genetic system with previously described complex hybrids such as tRnothera lamarckiana.
The spatial distribution of the complex heterozygotes, with the smaller rings to the north-east and the larger rings to the south-west suggests a single origin of the genetic system. It would appear that the system originated as small rings, in the Lake Barlee area ( fig. 2) COMPLEX HYBRIDITY IN ISO TOMA 35! and has migrated throughout populations to the south-west, territorial expansion being associated with increasing ring size. This suggestion is in agreement with a number of other observations. In the first place, the primitive and transcontinental axillaris chromosome end sequence is present as one of the complexes in the Pigeon Rock 06 complex hybrid population (cross 7, table 3). That is, 06 Pigeon Rock differs from the ancestral structural homozygotes by a minimal number of two interchanges. The axillaris sequence also occurs as one of the complexes in 010 3-mile Rocks (b) (cross xo); again, there is a minimal deviation from the axillaris sequence involved. Similarly, in 012 Bencubbin the complexes differ from axillaris by two and three interchanges repsectively (crosses i i and 12) and those of 014 Merredin differ from axillaris by two and four interchanges respectively (crosses i and 15). Hence, in these four complex hybrids, it appears that the multiple interchange rings have been achieved through the fixation, in the heterozygous condition, of a minimal number of interchanges upon a primitive axillaris sequence.
In some of the hybrids tested, however, redundant interchanges, that is, interchanges beyond the n -i necessary to build up a ring of 2?! chromosomes (Darlington and Gairdner, 1938) , do occur. Thus, the two complexes of 3-mile Rock (a) are one and four interchanges removed from axillaris while the (06+06) Berringbooding Rock has one complex four interchanges removed from axillaris and the second complex at least one interchange removed. Redundant interchanges may well be expected in the sequential elaboration of the rings for a variety of reasons; in particular, they are probably important in the achievement of mechanical stability of the chromosome rings at meiosis.
Secondly, reciprocal crosses between pairs of complex heterozygotes (crosses x8 and i) have yielded twin hybrid progenies identical with respect to M-i configurations. This is in agreement with the operation of the lethal system described above .'nd it also indicates that both populations, Bencubbin and 3-mile Rock, Le characterised by the same lethal system. It is probable that the one basic lethal system is operative throughout all the complex hybrid populations.
If this is so, a single origin of the genetic system must be inferred.
It is clear from the pollination mechanism of other species of Isotoma and of the Lobeliace in general, that cross-pollination must have characterised the ancestral Isotomas. Where cross-pollination and out-breeding is fostered in a species, heterosis is invariably a component in the genetic system. Hence, where inbreeding has been imposed on such a system, adjustments must be made if the species is to survive; either the genetic architecture must be reorganised so that heterosis is no longer a component in the genetic systemsthat is, in terms of Mather (iA) the polygenic balance must be changed from a relational to an internal balance, or else systems of conservation of genetic heterozygosity must be adopted. Clearly, 352 S. H. JAMES complex hybridity provides an effective system of preservation whereby genetic heterozygosity may be maintained even under the strictest inbreeding. It would seem that the situation in Isotomapetreea admirably demonstrates the evolutionary principle enunciated by C. D. Darlington (x 958) that "any species forced to inbreed at the edge of its range, and having the right type of chromosomes and of rneiosis, will make use of interchange hybridity and fix it to preserve general hybridity and to make itself into a permanent hybrid ".
SUMMARY
i. In Isotoma petrra the typical Lobeliace pollination mechanism has been modified so that in many south-western populations at least, autogamy is achieved.
2. Isotoma species are pre-adapted for the maintenance of interchange heterozygosity by virtue of their general cytological features. Interchange heterozygosity occurs widely throughout I. petreea, I. axillaris and I. anethfolia.
3. There is a basic karyotype (chromosome end sequence) common to petrea, axillaris and aneet/zfolia and it is transcontinental in distribution. There is no evidence to indicate that this karyotype has been replaced by new sequences to any significant extent.
4. Complex hybridity has evolved in the extreme south-western population through a process of sequential fixation of interchanges in the heterozygous condition. The complex hybrids are true breeding being stabilised by a balanced lethal mechanism operating through zygotic elimination of the structural homozygotes.
5. It seems clear that the complex hybrid genetic system has evolved under conditions of, and as a response to, a high degree of inbreeding in the natural populations.
